ABSTRACT
INTRODUCTION
he globalizations of financial markets and the competition growth in the banking sector have posed new challenges in terms of research on the topic of efficiency of financial institutions, specifically banks. Since its emergence, about three decades ago; Islamic banking has become one of the industry's fastest growing in the Middle East particularly in the GCC region. Globally, Islamic banking has increased significantly reflecting a massive demand for Islamic financial products and services (Danesh, 2007) . In addition, Islamic banks have been able to conquer many non-Muslim countries, operating side by side and in full competition with conventional banks (Hasan, 2004) . Since the opening of the first Islamic bank in Egypt in 1963, Islamic banking has been growing rapidly worldwide. This new trend is even more intensified with soaring oil prices in 1975, which has introduced a huge amount of capital to Muslim countries (Sufian and Muhd-Zulkhibri, 2007) .
The Islamic assets grew 11% annually over the past decade in the Persian Gulf (Hassoune, 2010) . While some see it as a vast deception, and a better successful marketing campaign, others acknowledge the financial future of the Muslim world (Hassoune, 2010) . Little research has investigated the efficiency of Islamic banks (El-Gamal and Inanoglu, 2005). Some of them (Kiyota, 2009; Chapra, 2008) have discussed the efficiency of banks during times of crises.
Indeed, the two years 2008 and 2009 were the scene of a major financial crisis that hit the conventional financial system in its entirety. However, according to the above studies, Islamic banks were not much threatened and no studies have addressed their efficiency in the context of the subprime crisis.
Some researchers believe that Islamic banks are at least as efficient as conventional banks (Sarker, 1999) . Others believe that Islamic banks are far more efficient than their conventional counterparts (El-Gamal and Inanoglu, 2005). Thus, the objective of this work is to study the efficiency of Islamic banks to disclose the impact of the subprime crisis on Islamic banks.
Few researchers have mobilized the nonparametric Data Envelopment Analysis (DEA) to measure efficiency of Islamic banks (Yudistira, 2004; Sufian, 2007; Danesh, 2007; Sufian, 2009; Kamaruddin et al., 2008; Hamim et al., 2008) . Based on the approach DEA, we will try, at a first level, to measure the efficiency scores of Islamic banks operating in the GCC region. At a second level, with linear regression, we will try to explain the efficiency of these banks here based on various macroeconomic factors (environment and characteristics of the country) and micro (Specific bank).
Our decision to retain the GCC countries in the region comes from the fact that most of the Islamic banking business is concentrated in the Middle East, particularly in the GCC. This region represents 85% of total assets of Islamic banks. Indeed, with over 300 Islamic banks worldwide in 75 countries, GCC controls two thirds of the market. In addition, the economies of the GCC region have several characteristics in common, including their dependence on oil exports accounting for 70% of the profits of the GCC. Other similarities include a common language (Arabic), a family-oriented culture and a stable political environment. The result of our study shows that the GDP by purchasing power and population density are positively and significantly correlated with the efficiency of Islamic banks. However, the quality of management is negatively correlated with efficiency. The coefficients on asset quality and profitability are not significant and have no direct relation to the efficiency of Islamic banks.
The remainder of this paper is organized as follows. Section 2 presents the related literature. Section 3 is describes the methodology and data. Section 4 reports and discusses the obtained results. Section 5 concludes the paper.
II-RELATED LITERATURE
Many researchers have attempted to check the efficiency of Islamic banks according different methodology. In this section we discuss the most important contribution by making out the different methodologies that was be used. This literature can be divided on three strands. Some of them explain the performance of Islamic banks by management factor, others they explain them according macroeconomic factor and some studied make out the performance of Islamic banks according a comparison with the conventional bank. Hassan (2005) analyses the efficiency of Islamic Banking industry by employing a panel of banks during the period 1993-2001. Two approaches are used in this analysis: a parametric approach which consists on Stochastic Frontier Approach (SFA) and a non-parametric one which consists on Data Envelopment Analysis (DEA). This later is employed to determine different measures of efficiency 1 . According the SFA approach, he found that the Islamic Banks are more efficient in terms of profits than the conventional banks. In addition, he identify that the main source of inefficiency in Islamic industry consist on the allocative inefficiency rather than the technical one. He the management quality measure has a negative and significant impact on the efficiency of Islamic Banks. These result are similar to those identify by Deyoung (1997) . Sufian and Muhd-Zulkhibri (2007) analyse the performance of Malaysian Islamic bank during the period of 2001-2005. The main purpose of this paper consists to evaluate the performance of domestic Islamic banks and foreign Islamic bank in case of Malaysia. In objective to decompose the overall technical efficiency on pure technical component and a scale efficiency component, authors use two approaches of DEA analysis. The first one is carried out under a constant return to scale assumption and the second one is done with variable return to scale assumption. According this methodology, the authors show that the scale inefficiency dominates pure technical inefficiency in the Malaysian Islamic banking sector. They found that foreign banks have exhibited higher technical efficiency compared to its domestic peers. In order to explain the determinants of technical efficiency scores derived from the DEA models, authors use multivariate Tobit Regression Analysis. The main objective behind is to link the variation in calculated efficiencies to a set of variables: bank size, ownership, capital, non-performing loans and management quality. The result suggests that favorable macroeconomic environment seems to stimulate higher efficiency. Consistent with earlier findings, higher growth rate of GDP seem to have a strong positive impact on the performance measures, suggesting that demand for financial services tends to grow as economies expand and societies become wealthier. On the other hand, the findings suggest that technical efficiency is negatively related to market power, risk, management quality and capitalization. The result show that technically more efficient banks are larger, have greater loans intensity, and on average have less non-performing loans. Ghayad (2008) analyse the performance of Islamic banks by analysing their degree of operations. In his work, he interested to corporate governance in Islamic banks and his influence on the global performance in the case of Bahrain. In his analysis, Ghayad focus on the simultaneous existence of monitoring committee 2 with Islamic bank manger's board. According to Ghayad (2008) , the contribution of Shari'a board in banks governorship impose an important constraints one Islamic banks operation. Consequently, the investment account holder (IAH) didn't contribute to the management of their funds. In other words, the corporate governance of Islamic banks does not give to the IAH any power to appoint the management or the external auditor. This situation raises interest conflict between IAH and the Islamic bankers: it is same conflict which exists between "principal-agent" relationships in conventional firms. In this analysis, Ghayad (2008) show that in addition to quantitative international variables such as the financial ratios, the performance of an Islamic bank is affected also by the internal qualitative variables like the managerial variables. The main finding of this paper consists on the fact that the members of Shari'a board represent a serious handicap for the directors of the Islamic banks. Directors and members of Shari'a board did not speak the same language. The members of the Shari'a board were not very specialized in the fields other than Sheri's and contrary the directors in Shari'a. Kamaruddin et al. (2008) investigates for the first time, both cost and profit efficiency of full-fledged Islamic banks and Islamic window operations of domestic and foreign banks in case of Malaysia. He adopts the DEA approach to estimate different measures of efficiency. The main finding of this paper consist on proving that Islamic banking operators are relatively more efficient at controlling costs than at generating profits. The main contributor for cost efficiency of domestic and foreign banks comes from resource management and economies of scale respectively. These findings have implications on the reform process carried out in the aftermath of Asian financial crisis, particularly the Financial Sector Master Plan (FSMP).
The above studies show that the principal determinants of Islamic banks performance are the management variables. A second kind of literature shows that the macroeconomic indicators can explain the efficiency of Islamic banks. Haron (2004) investigates the determinants of profitability of Islamic banks. According a panel data regression, he found that internal factors such as liquidity, total expenditures, funds invested in Islamic securities, and the percentage of the profit-sharing ratio between the bank and the borrower of funds are highly correlated with the level of total income received by the Islamic banks. Similar effects are found for external factors such as interest rates, market share and size of the bank. Haron (2004) identified other determinants of Islamic bank profitability such as funds deposited into current accounts, total capital and reserves, the percentage of profit-sharing between bank and depositors, and money supply. The similarity of results between asset-liability management and profitability for both conventional and Islamic banks is a strong indicator that many of the tools and techniques developed in conventional banking literature are potentially suitable for an Islamic banking environment. Indeed, interest rates, inflation and size have significant positive impact on the profits of conventional banks. This positive relationship is also identified in the case of Islamic bank (Haron, 2004) . In the case of market share and money supply, these variables were found to have an adverse effect on profits.
Hassan and Bashir (2003) studied the effects of controlled and uncontrolled variables on Islamic banks profitability during 1994-2001. They show that some economics variables such; capital, gross domestic product and conventional interest rates were positively related to profitability. However, loan ratios, reserves taxes, and size have a negative impact on profitability of Islamic bank. Loayza and Shankar (2000) used cointegration approach in measuring the relationship between savings in India and factors such as real interest rate, per capita income, the dependency ratio, financial development, the government saving rate, and the share of agriculture in gross domestic product (GDP). Their results revealed that real interest rate, per capita income and the share of agriculture in GDP had a positive relationship with savings, whereas inverse relationship were found for financial development, inflation and the dependency ratio. Loayza and Shankar (2000) investigated the effects of policy and non-policy variables on savings and reported that: (1) private http://www.cluteinstitute.com/ © 2013 The Clute Institute saving rates are highly serially correlated, (2) positive saving rates with the level and growth rate of real per capita income and the influence of income is larger in developing than in developed countries, (3) life cycle hypothesis is supported by the negative relationship between dependency ratio and saving rate, (4) inflation was found to have a positive impact on saving thus supporting the precautionary motive for saving, (5) fiscal policy is a moderately effective tool to raise national saving, and (6) financial liberalization is detrimental to private saving rates because greater credit availability reduces saving rate and similarly larger financial dept and higher real interest rate do not increase saving.
A third kind of literature evaluates the performance of Islamic Bank by making a comparison with conventional bank. Hanim and al. (2008) , investigate the efficiency of the fully fledged Islamic banks as well as Islamic windows in Malaysia. They measure the technical and costs efficiency by the DEA approach. They show that, despite the fully fledged Islamic banks were more efficient than the Islamic windows; they were still less efficient than the conventional banks. They prove that Islamic windows of the foreign banks were found to be more efficient than Islamic windows of the domestic banks. Firstly he uses the DEA analysis to estimate the relative efficiency. 3 After that, he examines the determinants of Islamic Banking efficiency using a second-step regression model approach. The main result of this paper proves those Islamic banks are more efficient in 2006 than the conventional counterparts. This result traduce the feasibility of Islamic Banks structure for real estate construction and project finance investments as well as the increased confidence of consumers in Islamic banking from both aspects Sharia'a transparency and profitability generation capacity. The paper of Lozano-Vivas and Pasiouras (2010) studied the relevance of non-traditional activities in the estimation of bank efficiency levels using a sample of 752 publicly quoted commercial banks from 87 countries around the world. The main of this paper consists on allowing comparison of the impact of such activities under different levels of economic development, geographical regions and other country characteristics. The authors estimate three functions. They started by estimate both cost and profit efficiency of banks using a traditional function that considers loans and other earnings assets as the only outputs. After that, they estimate two additional functions to account for non-traditional activities, one with off-balance sheet (OBS) items and the other with noninterest income as an additional output. They find 4 that, on average, cost efficiency increases irrespective of whether they use OBS or non-interest income, although the results for profit efficiency are mixed. In addition, they show that while the inclusion of non-traditional outputs does not alter the directional impact of environmental variables on bank inefficiency, regulations that restrict bank activities and enhance monitoring and supervision provisions improve both cost and profit efficiency.
III-METHODOLOGY AND DATA
The main objective of this paper consists on analyze the implication of subprime crisis on the efficiency of Islamic bank in the GCC region. Behind the lack of consensus on the Islamic bank efficiency, our analysis is important for many reasons.
Firstly, there is a first study which analyzes the efficiency of Islamic Bank during the subprime crisis. Indeed, we know the implication of loans crisis on conventional banks. So it is important to make out the implications of this crisis on the efficiency of Islamic bank. Secondly, in our study we combine two kinds of determinants Islamic banks efficiency: the microeconomic determinants and macroeconomics ones. Thirdly, there are a less studies which analyze efficiency banking in the GCC region.
Efficiency Measure

Data envelopment approach (DEA)
At the beginning, it is useful to define adequately the efficiency concept and its robust method estimation. In general, it is the quality of return allowing the realisation of objectives with minimum of resources. This concept must be none confused with relevance and profitability. Efficiency is a financial concept which evaluates outcome via results reported to capital invested. At conclusion, Efficiency is a relative concept since its measurement requires a standard of performance against which the success/failure of the firm is assessed. It is an indicator of how resourceful a firm is in producing outputs.
Efficiency measurement is one aspect of investigating a firm's performance. Efficiency is divided into two components. There are the output efficiency and input efficiency. A firm is regarded as technically efficient if it is able to obtain maximum outputs from given inputs or minimise inputs used in producing given outputs. The output efficiency is related either to the production of an optimal levels of outputs (scale efficiency), or to an optimal combination of different outputs (technical efficiency). However, the inputs efficiency is related to the capacity of the firm on minimizing inputs used in producing given outputs (X-efficiency).
Roughly speaking, empirical studies employed three kinds of methods to measure efficiency. Most of them (Elhiraika, 1998; Iqbal et al., 2000 ...) used some financial ratios such investment ratio (ROI) and profitability ratio (ROA). The main objective of this methodology consist to compare, according these ratios, the bank's performance under the studied period to last period or to other neighbouring banks. Two mains criticizes are addressed to this method. Firstly, it doesn't take into account the managerial actions. Secondly, it combines the efficiency sources and the inefficiency one which deny us to know the nature of the operation. The contemporary studies employed parametric or nonparametric frontier techniques to measure the efficiency of firms relative to an estimated 'bestpractice' frontier that represents the optimal utilization of resources. Both approaches differ mainly in how they handle the random error and the assumptions made on the shape of the efficient frontier. The parametric approach has the advantage of allowing noise in the inefficiency measurement. However, it involves econometric estimation of a pre-specified stochastic profit, production or cost function. In the other side, nonparametric data envelopment analysis (DEA) 5 approach does not require the specification of a particular functional form of the frontier. Instead, the frontier is constructed through a piecewise linear combination of the actual input-output correspondence set that envelops the data of all the firms in the sample. Hence, efficiency measurement is not contaminated by a possible misspecification of the functional form.
The DEA approach measures the efficiency of each decision Making Units (DMUs) as a function of multipliers input-outputs combination. In the literature, two major assumptions are investigated under the DEA approach; the constant returns to scale (CRS) assumption. Under this assumption there is no significant relationship between the scale of operations and efficiency which delivers the overall technical efficiency (OTE). However, firms or DMUs in practice might face either to scale economies or to scale diseconomies. Thus, if one makes the CRS assumption when not all DMUs are operating at the optimal scale, the computed measures of technical efficiency will be contaminated with scale efficiencies. The second assumption comes with Banker et al. (1984) by relaxing the CRS hypothesis. They assess the efficiency of DMUs characterised by variable returns to scale (VRS). The VRS assumption provides the measurement of pure technical efficiency (PTE), which is the measurement of technical efficiency devoid of the scale efficiency effects. If there appears to be a difference between the TE and PTE scores of a particular DMU, then it indicates the existence of scale inefficiency. Behind the diversities between these assumptions, the most of studies presents their results under the CRS hypothesis. In this work, we differ from previous studies in checking either the two assumption CRS and VRS. 
with 0  : OTE; y r0 : Output r of DMU 0 ; x i0 : Input i of DMU 0 ; y rj : Output r concerning the unit of reference j;
x ij : Input i concerning the unit of reference j ; λ 0j : the weight of reference unit j; s : number of outputs; n : Number of DMUs.
The first constraint (eq.2) supposes that the reference output must at least the same level as the output of DMU 0 . The second one (eq.3) stipulates that used adjusted-efficiency input DMU 0 must be greater than (or equal to) the used input of unit reference. Behind that the correction factor is the same for all kind of inputs, the observed inputs reducing is proportional. The third constraint-convexity constraint-(eq.4) was introduced to assume the VRS assumption: In other words, when we calculate the efficiency score under CRS assumption we dismiss this constraint.
According Fethi and Pasiourous (2010) most of studies that use two stage DEA do not employ appropriate the bootstrap technique and their results may be biased. To avoid the dependence bias, we choose the methodology of Xue and Harker (1999) to apply the bootstrap technique according five stages.
1-
Firstly, we determine the probability distribution of the sampling F with each observed DMU of the sample (x 1 , x 2, …, x n ) has a probability of occurrence equal to 1/n.
2-
Learn c (c is a constant) random samples of size n to replace the original samples (
with X ki = (U ki , V ki ), i = 1, 2, …, n; S k is called the bootstrap sample. U and V represent respectively the inputs and outputs.
3-For each bootstrap sample S k , k = 1, 2, …, c, we execute the DEA model and we recalculate the scores of efficiency for the n DMUs: 
5-Estimate the standard error se   j ˆby the standard deviation of the sample of c reproductions bootstrap
Where,
After these five stages of DEA bootstrapping technique we can test the following hypothesis:
The main disadvantage of this DEA method consists on the difficulty to make statistics extrapolation. To deal with this limits, GrossKopf (1996), Coelli et al. (2005) and Casu and Molyneux (2003) propose a regression analysis. This solution is known as two steps procedures. It consists to explain the efficiency score variation according analysis regression. It consists to consider the efficiency score as data or index, and then they use the regression analysis to explain the score efficiency variations. This method is called as two-stage regression analysis.
Panel Data Approach
To further investigate the performance of Islamic Banks we obtain the efficiency scores (for two models: CRS and VRS assumption) from the DEA and perform a second-stage Regression analysis approach. According to Xue & Harker (1999) , "Regression analysis is among the most useful and most widely used statistical methods. It is a reliable and easy to use tool to determine whether or not certain factors influence the decision-making units' (DMUs) efficiency scores". Furthermore, it is argued that banks could be considered inefficient because they undertake different types of services or probably more costly services. Thus several studies have highlighted this issue and investigated the relationship between some factors like size, profitability, share market, etc, and the efficiency scores obtained from the DEA such as Miller & Noulas (1996) . For the analysis, we examine a cross sectional data of several banks in GCC countries over the period of 2005 to 2009. Thus, we need a technique that has two dimensions, cross-sectional and time series. To address this problem, we used the Panel data approach, because Panel Data refers to a group of cross-sectional units being surveyed over a period of time. So, each bank will be observed every year over the 5-years. This is called the 'balanced panel'.
3.3
Choice of inputs and outputs and data sample
Specification of Bank inputs and outputs
The choice of the variables in inefficiency studies affects significantly the results (Berger et al., 1993; Wheelock et al., 2000 …). There is an on-going discussion in banking literature regarding the proper definition of inputs and outputs. Three approaches dominate the literature: the production approach, the intermediation approach and more recently, the revenue approach. Under the production approach, pioneered by Beston (1965), the bank is defined as a producer of services for account holders. This approach considers the number of account or its related transaction as the best measure of output, while the number of employees and capital resource are considered as input (Suffian 2009). However, the intermediation approach, pioneered Sealey and Lindley (1977) , considers the bank or financial firms as intermediary between savers and borrowers and posits total loans and securities as output, while deposits along with labor and physical capital are defined as input. Recently, Drake et al. (2006) proposed the revue approach in DEA. Under this approach balance sheet, deposits and loan are defined as output.
In this work we opt for intermediation approach. This choice is justified by many reasons. The first one concern the main character of Islamic banks which is often claimed as a joint stock firms which shares are easily tradable (Dar and Presley 2000) . The principle of Islamic financial system is the participation in enterprise, http://www.cluteinstitute.com/ © 2013 The Clute Institute employing the funds based on profit and loss sharing. 6 Secondly, the intermediation approach is preferable to the other approaches to modeling bank behavior, according to Elyasiani & Mehdian (1990) . This is because it does not exclude interest expenses, which accounts for a significant level of banks' total costs where the exclusion of interest expense may distort efficiency estimates.
In specifying inputs, our work reflects the standard intermediation approach in which capital and labor are used to intermediate deposits into loans and other earning assets. In particular, the capital input is represented by fixed assets, while the labor input is represented by personnel expenses. In most DEA studies, the number of employees is common to specify input. However, in this study we evaluate many countries; the general analysis will therefore benefit from the inclusion of personnel expenses in monetary values instead of number of employees.
On other hand, the inclusion of other revenue in the analysis is particularly important as Islamic banks have been very creative in avoiding interest rate products which creates the movement from traditional financial intermediation into off-balance sheet alike and fee income-generating businesses (Dar 2003) . As a result, according (Yudistira, 2004) , concentrating on completely earning assets would be insufficient to capture the overall output of Islamic banking industry. Furthermore, total loans of Islamic banks in the sample consist of mostly Islamic transactions.
The DEA method is very sensitive to the number variables. Their increasing reduces the ability to distinguish of decisions units (DMUs). Thus, selecting the appropriate variables to measuring banking efficiency is very important. This is because efficiency estimations would possibly differ if a different set of variables were applied. To preserve the discriminatory power of DEA, we must ensure that the number of input and output is reasonable quantities. According to the literature we opt for 3 inputs and 3 outputs. 
Data Sample
The main contribution of this paper consists on combining the microeconomic variables and macroeconomic variables to explain the efficiency of Islamic banks. We refer to literature for selecting the appropriate variables. According literature we retain three macroeconomic variables and six microeconomic one variables. The retained variables are presented in the following table: 
+/-
RCP
Equity ratio +/-
The microeconomic variables (Assets quality, management quality, liquidity, bank profitability 7 bank size and market share) are collected from individual annual report which there available in the web site of each bank. However the macroeconomic variable (Gross domestic product, population, concentration) are collected from International Monetary Fund data base (IFS). According Casu and Molyneux (2000) , all variables are converted to USA dollars by using the stock change end period.
Our sample covers 30 Islamic banks in GCC region during the period 2005-2009. Our motivation to GCC region resides on the fact that most important Islamic bank activities are concentrated in this region (85% of all world Islamic bank activities). The choice of the studied period is motivated by our objective to check the impact of loans crisis on the Islamic banks.
IV-RESULTS AND DISCUSSIONS
Primary analysis
Appendix A presents a summary of descriptive statistics of Banks inputs and outputs (respectively Table 4  and Table 5 ). According Table 4 , we observe a constantly increase of the average deposits during the studied period. This stylized fact confirms the thesis popularity increase of Islamic banking especially in crisis period. The same fact is observed in another input: equity. These facts let us to guess that Islamic banks are very healthy and continue to evolve from one year to another.
According Table 5 Tables 4  and 5 (Appendix A), we observe that all revenues didn't decrease during the subprime loans crisis. In 2008 and 2009, all revenues are raised. So, we can conclude warily that the Islamic bank activities didn't affected by crisis.
The Table 6 (Appendix B), presenting the descriptive statistics of dependant variables per year for CRS and VRS hypothesis, shows that the average efficiency score for an Islamic bank is 0, 8. This shows that Islamic banks are, generally, efficient.
We know that the Bank assets have a good quality when their equity ratio is lower. 9 Table 7 (Appendix B) shows that the equity ratio (ER) of Islamic banks in our sample has a mean equal to 0,896 even though the maximum is equal to 6,688. In addition, in our Islamic banks sample have good quality assets according the level of the assets quality ratio which has a mean equal to 0.047. Other variable which traduces the Islamic bank position consists on the management quality. Table 7 tells us some information about the management quality 10 . It has a mean of 0.035 compared to a maximum of 0.62. We note that there are Islamic banks with negative ROA and ROE with a minimum, respectively, of -2,160 and -7,397. This is explained by the fact that certain banks had negative results, but the average is positive. There are few banks, in our sample, which had recorded nets deficits.
Concerning the size variable, we notice that our sample is composed largely of medium-sized banks. Indeed, it's clear that the bank's size is between 0 and 183,117 USD and that the sample mean is 39,439 USD with a standard variation of 41,270 USD. The country with the highest number of Islamic banks belonging to our sample is Bahrain. Indeed, it represents 56, 67% of our sample. http://www.cluteinstitute.com/ © 2013 The Clute Institute
Efficiency of Islamic Banks
4.2.1
Results of Efficiency Score (DEA Approach) Table 6 (Appendix B) displays the results of DEA measure of Efficiency score under CRS hypothesis. Efficiency scores are always between 0 and 1. The bank which has an efficiency score equal to 0 is totally inefficient, while, an efficiency score equal to 1 is evidence of a very efficient bank. According Table 6 (Appendix B), the average of efficiency scores of Islamic banks in our sample, measured under the assumption of CRS, vary between 0, 59 and 1. In our sample, the more efficient banks, which have an efficiency score equal to 1, are Al Amine and Citi Islamic, two banks operating in Bahrain. However, those that appears to be the less efficient, relative to banks in our sample, has an average of efficiency score equal to 0,59; there are Investor TII (Kuwait) and Emirate Islamic Bank (United Arab Emirates). We explain this heterogeneity between Islamic bank in GCC countries through their degree of technology, (Abhiman and Saibal, 2009 ). Kamaruddin et al. (2008) suggest that bank with an efficiency core equal to 1 traduce the power over market of this bank and imply it monopolistic position. Figure 3 (Appendix B) presents the averages of efficiency scores, under the CRS assumption. According this figure, we show that the Bahrain is the country containing more than 50 % of banks in our sample and it is the country having the highest mean efficiency of Islamic banks; equal to 87 %. Bahrain is nearly followed by Qatar with 82 %. Then, we find Kuwait and UAE, respectively with 74 % and 69 %. Finally, the Saudi Arabia, with average efficiency scores of 62 %, it comes in second last position of GCC countries.
Contrary to the results obtained under CRS hypothesis, the VRS model shows that Qatar became the leader with an average efficiency scores equal to 91 % closely followed by Bahrain with 89 %. Then, we found Saudi Arabia, the UAE and Kuwait with, respectively, 80 %, 76 % and 75 %. By measuring the efficiency under the VRS assumption, we notice that there are many banks very efficient banks, that is to say, with an average efficiency score equal to 1. Such is the case of Al Amine, Al Salam, Al Baraka Banking Group, Citi Islamic and Rajhi Bank ( Figure  4 , Appendix B).
If we make a comparison between the efficiencies scores measure under the two assumptions CRS and VRS, we conclude that the number of highest efficiency banks is higher under the VRS assumption than the CRS one. Excluding Al Amine and Citi Islamic, the other banks cited above were not consider among the most efficient, under the constant return to scale hypothesis. One might ask why the banks are more efficient under VRS assumption than under the CRS assumption. We explain these results by the fact that the CRS assumption is only sustainable when all the banks operate at optimal scale. According Coelli et al. (2005) , imperfect competition, government regulations and financial constraints are sufficient reasons that make the bank not to operate at an optimal scale. Concerning the less efficient banks in our sample, there are the same under VRS and CRS assumptions.
Efficiency Crisis
Since the ninety decade, multiple economic crises occurred in the word rising financial instability. Banking crisis are the most spectacular form of this instability. Honohan (1997) two-thirds of IMF member countries have been hit by severe banking crisis that have resulted in cumulative losses exceeding 250 billion dollars. In addition, more than 130 countries, representing three quarters of IMF member countries, have experienced significant bank failures (Lindgren, Garcia and Saal, 1996) . Bank failures can be explained by the speculative behavior allowed by financial liberalization and globalization. Several empirical studies showed that banking crises were, generally, preceded by financial liberalization policies, (Miotti and al., 1998) .
The various works have addressed this issue highlight a common cause to explain the bank failures: an excessive risk taking by banks related to moral hazard. Under financial liberalization environment, bank failures are a result of poor policies followed by banks in terms of risk management, (Gonzalez-Hermosillo, 1999). The legal and regulatory environment of financial liberalization encouraged the bank's shareholders and managers to take more risks. This is explained by a lower profits (and potential losses) related to higher degree of competition reduces the bank's economic value. The bankruptcy cost being undervaluated by bank's shareholders and managers which favoring the choice of riskier strategies, (Caprio and Summers, 1993; Hellmann, Murdock and Stiglitz, 2000) . Therefore, speculative behavior and excessive risk taking from banks is related to the functioning of free and competitive markets.
Plihon (1996) distinguish four principals' characteristics of speculative transaction. Firstly, excessive risktaking which mean taking a position on interest rate, exchange rate, assets prices. Secondly, these operations are motivated by the hope of capital gains related to their anticipations of assets process evolutions. Thirdly, these transactions are "pure" or "dry"; they are self-sufficient and have no direct counterpart in the real economy. Fourthly, the capital employed is borrowed by speculators seeking to benefit from leverage effect. So, we can conclude that, Banks and financial system, poorly controlled by inadequate prudential monitoring devices, are weakened by excessive risk taking leading to the emergence of speculative bubbles and an acceleration of money creation. However, Islamic banks have special characteristics which make them impervious to crises. Islamic banks are constrained to follow some rules avoiding speculative behavior. Their requirement to real assets protects them to be affected by crisis. In this part, we try to analyze the efficiency of our Islamic banks sample under the loans crisis. We analyze the efficiency score pattern under VRS and CRS respectively according the following Figure 1 and 2: . Therefore, speculative behavior and excessive risk taking from banks is related to the functioning of free and competitive markets.
Plihon (1996) distinguish four principals' characteristics of speculative transaction. Firstly, excessive risktaking which mean taking a position on interest rate, exchange rate, assets prices. Secondly, these operations are motivated by the hope of capital gains related to their anticipations of assets process evolutions. Thirdly, these transactions are "pure" or "dry"; they are self-sufficient and have no direct counterpart in the real economy. Fourthly, the capital employed is borrowed by speculators seeking to benefit from leverage effect. So, we can conclude that, Banks and financial system, poorly controlled by inadequate prudential monitoring devices, are weakened by excessive risk taking leading to the emergence of speculative bubbles and an acceleration of money creation. However, Islamic banks have special characteristics which make them impervious to crises. Islamic banks are constrained to follow some rules avoiding speculative behavior. Their requirement to real assets protects them to be affected by crisis. In this part, we try to analyze the efficiency of our Islamic banks sample under the loans crisis. We analyze the efficiency score pattern under VRS and CRS respectively according the following Figure 1 and 2: Many points can explain these results. Firstly, Islamic banks are based on completely different rules from those adopted by conventional banks; the outputs offered by Islamic banks are always backed by real assets and are not based on fictitious assets as do conventional banks. Secondly, sectors where Islamic banks operating are limited compared to conventional banks, which does not allow them to take excessive risks. Thirdly, most of the causes contributing to financial crisis are not applicable to Islamic banks, because these do not meet the same criteria as conventional banks, then it seems legitimate that Islamic banks and the entire Islamic financial system are not affected by this kind of financial crisis.
It is not surprised in this work to found that the subprime loans crisis didn't affect Islamic banks in GCC region, but the most surprised one concerns that this crisis is beneficial to these kinds of banks. We explain this by the confidence crisis on conventional banks, occurred during the crisis, which lead investors and savers to move from traditional financial system to Islamic banks system.
4.2.3
The
determinants of Islamic bank efficiency : Regression analysis results (Two step regression)
In the last part we have showing that Islamic bank in GCC countries are efficient in most cases. We show that the subprime loans crisis didn't affect their efficiency. Now, we try to explain the main factors that explain this efficiency, according the regression analysis via panel data approach.
Appendix C (Table 8 and Table 9 ) presents the results of Spearman Rho test respectively for two models (CRS and VRS). This test looks for individual statistical associations of our explanatory variables with the variable to explain. The main objective of this results consists to detect variables which able to generate multicollinearity problem. The results show, for the first model, that the variables population density and management quality are statistically significant at 1% and positively correlated to efficiency under the CRS hypothesis, (Table 8) . However, concerning our second model, the results show that the variable size is positively correlated to efficiency with a level of 5%, (Table 9 ). Concerning the variables ROA and GDP, they are significant at 10 % and they positively affect efficiency.
Appendix C, Table 10 and Table 11 , display respectively the results of normality test 11 (Shapiro-Wilk test), respectively for CRS and VRS models. This test rejects the normality condition for both model (CRS and VRS). This preliminary analysis of Shapiro-Wilk test and Spearman Rho test allow us to retain the relevance variables to must be included in models in order to avoid unbiased estimations. So, our model according CRS and VRS assumption are written respectively as follow:
To estimate models 1 (eq.10) and 2 (eq.11) according panel data approach, we must at the beginning to verify if there are homogeneous or heterogeneous specifications of the data generating process. Table 12 (appendix D) displays the results of the homogeneity test which show the presence of individual effects for our models (eq.10 and eq.11). Then, Table 13 (appendix D) the Haussmann test which serves to discriminate the fixed and random effects. The table shows that the choice of the fixed effects for our two models was the most appropriate. Finally, we use the bootstrapping technique to avoid dependency problems and to overcome the shortcomings and biases that may result from the use of non parametric methods. Indeed, most studies that use the two-level DEA do not employ appropriate bootstrapping techniques, and their results may be biased (Fethi and Pasiouras, 2010 Table 3 shows that the macroeconomic variable GDP is positively and significantly correlated with Islamic banks efficiency and this according to our two models (eq.10 and eq.11). That is to say that when the GDP of a country increases, Islamic banks operating in this country become more efficient. This is consistent with that found by Kablan (2007) .
As regards to the variable "Population density", measured by the population density of the concerned country, is positively and significantly correlated with Islamic banks efficiency at 1% level for both models (eq.10 and eq.11). So, if population density increases, Islamic banks efficiency increases too. This result is very logical; indeed with the increase of the population density, the number of potential customers of Islamic banks increases, which raise consequently the efficiency of those banks. However, this variable has not been much used in the literature; the only one who has incorporated in his study is Kablan (2007) . Our results differ from the work of Kablan (2007) . He showed that the population density is negatively correlated with Islamic banks efficiency.
Furthermore, these results highlight that "Management Quality" is significantly (5%) and negatively correlated with Islamic banks efficiency, and whatever hypothesis used (CRS or VRS). This relationship is consistent with our expectations. Indeed, more the bank has a strong management team, which monitors its interest and tries its best to keep it moving, more the bank will be efficient. The result joins perfectly, in every respect, the most studies that have addressed this variable. Indeed, Sufian (2009) and Sufian and Muhd-Zulkhibri (2007) both found results similar to ours.
The bank assets quality is a variable which has relevance information's on the credit of the bank. However, Table 3 shows that this variable is not significant. Our results are similar to those identified by Sufian and MuhdZulkhibri (2007) . Despite the none-significantly of assets quality, its sign is negative. This negative correlation was found previously in the studies of Sufian (2009), Kwan and Eisenbeis (1995) , Resti (1997) , and Barr and al. (2002) . Our 1 st model's (eq.10) results have also shown that the variable ROA is positively correlated with Islamic banks efficiency but this relationship is not statistically significant. This result agrees with that of Yudistira (2004) who found that the Islamic banks profitability does not influence their efficiencies. However, the two variables used in the 2 nd model (eq.11) to measure the profitability of banks, ie, ROE and Equity ratio are respectively negatively and positively correlated with Islamic banks efficiency without being significant. This result joins, in particular, that of Yudistira (2004) who found that the Islamic banks profitability does not influence their efficiencies. Thus, a profitable bank is not necessarily efficient.
Finally, we found that the only real difference between the two models (eq.10 and eq.11) is the adjusted R² which is 20, 69 % for the CRS hypothesis against 11, 88 % for the model based on the VRS hypothesis. This result may indicate that the CRS assumption is more appropriate in measuring efficiency scores of Islamic banks in the GCC region rather than the VRS assumption. However, according to the literature, we always find that the CRS hypothesis is only justified when banks are operating at an optimal scale. But, in practice, banks and companies in general may face, either economies of scale, or diseconomies of scale. Thus, if we set the false hypothesis of CRS while banks are not operating at optimal scale, the measures identified of technical inefficiency will be contaminated http://www.cluteinstitute.com/ © 2013 The Clute Institute by inefficiency of scale. So, according to Banker and al. (1984) , Sufian (2007 Sufian ( -2009 , if there is a difference between efficiency under CRS hypothesis and under VRS hypothesis, it is mainly due to inefficiency of scale has not been severed from the rest of the components of efficiency.
V-CONCLUSION
The present study investigates the efficiency of the Islamic bank in GCC countries around the subprime crisis of 2008. The efficiency estimates of individual banks are evaluated by using the DEA approach. Two different approaches are evaluated; the CRS and VRS in order to measure respectively the overall technical efficiency and the pure technical efficiency. A regression panel analysis is employed to examine the relationship between efficiency scores derived from the DEA to a set of explanatory variables combined between macroeconomic variables (Gross Domestic Product, Population density, Concentration) and microeconomic variables (Market share, Bank size, Return on Equity, Return on Assets, Liquidity, Management Quality, Assets Quality). We find that on average the Islamic bank's efficiency increases as the GDP of the country where it operates increases. If we look a little closer, we will notice that the countries hosting the more Islamic banks are those having high levels of GDP. Also, our results show that population density is affecting positively the Islamic banks' efficiency. Furthermore, an Islamic bank having a management of a good quality, according to our results, may present efficiency levels higher than a bank with bad quality management.
We think it would be interesting to dig even more these two factors, namely, population density and management quality. Since, we can, for a further study, focus on the religion of the Islamic banks' customers. Are they more likely to be Muslims or the factor of the religion is not material for the efficiency of Islamic banks? It would, also, be very useful to try to measure the management quality using qualitative data. 
